Introduction {#ams2534-sec-0005}
============

Novel coronavirus infection (COVID‐19) was confirmed in Wuhan, China in December 2019, and the epidemic of COVID‐19 has spread not only in China but now throughout the world.[^1^](#ams2534-bib-0001){ref-type="ref"} In Japan, the number of patients infected with COVID‐19 exceeded 10,000 on 18 April 2020, and is still increasing.[^2^](#ams2534-bib-0002){ref-type="ref"} The characteristic chief complaints of COVID‐19 are common to those of the common cold or influenza such as fever, cough, sore throat, and general malaise, and some patients with COVID‐19 are asymptomatic.[^3^](#ams2534-bib-0003){ref-type="ref"}

As the number of patients infected with COVID‐19 has increased worldwide, the global health system is on the verge of total collapse. It is evident that the COVID‐19 pandemic is putting health‐care systems such as intensive care and emergency medicine divisions at particular risk. As the health‐care system in Japan is under universal coverage, the emergency medical service (EMS) system, such as the ambulance service, is also fully operated by the public sector. Presently, to our knowledge, no clinical studies on the impact of the COVID‐19 pandemic on the EMS system have been carried out anywhere in the world.

The Osaka Municipal Fire Department (OMFD) has been collecting records of ambulance dispatches in Osaka ity, Japan, a metropolitan community with approximately 2.6 million residents as of 2015 and over 200,000 ambulance dispatches every year. Since the first case of COVID‐19 occurred in Osaka on 29 January 2020,[^4^](#ams2534-bib-0004){ref-type="ref"} the number of patients infected with COVID‐19 in Osaka Prefecture has increased to 1075 as of 18 April 2020; a state of emergency was declared by the Japanese government for Osaka Prefecture on 7 April 2020.[^5^](#ams2534-bib-0005){ref-type="ref"} The aim of this study was to assess the impact of the COVID‐19 pandemic on the EMS system in Osaka city, Japan.

Methods {#ams2534-sec-0006}
=======

Study design and setting {#ams2534-sec-0007}
------------------------

This study was a retrospective, descriptive study with a study period from 1 January 2020 to 17 April 2020. Osaka City, the largest metropolitan community in western Japan, covers an area of 222 km^2^. The OMFD has been recording the reason for ambulance calls into 13 categories, which include acute disease, gynecological disease, fire accident, water accident, natural disaster, traffic accident, industrial accident, disease and injury due to sports, asphyxia, gas poisoning, assault, self‐inflicted injury, and other injury.[^6^](#ams2534-bib-0006){ref-type="ref"} To assess the influence of the COVID‐19 pandemic on the EMS system, we focused on the patients transported by ambulance for acute disease in Osaka City because suspected cases of COVID‐19 infection should be treated as ambulance calls for acute disease. In addition, we also included the patients transported by ambulance for traffic accidents to determine the influence of the COVID‐19 pandemic as urgent cases. This study excluded patients who were not transported to a hospital. The ambulance records in Osaka City are considered administrative records, and the requirement of obtaining patients' informed consent was waived because the data were anonymous. This study was approved by the Ethics Committee of Osaka University Graduate School of Medicine (Suita, Japan). This manuscript was written based on the STROBE statement to assess the reporting of cohort and cross‐sectional studies.[^7^](#ams2534-bib-0007){ref-type="ref"}

Emergency medical service system and hospitals in Osaka City, Japan {#ams2534-sec-0008}
-------------------------------------------------------------------

The EMS system is basically the same as that used in other areas of Japan, as previously described.[^8^](#ams2534-bib-0008){ref-type="ref"} Briefly, it is operated exclusively by the OMFD and is activated by calling 1‐1‐9. The EMS personnel at the scene select the appropriate medical institutions near the scene that are best able to treat emergency patients according to the medical urgency or patient symptoms. The OMFD had 25 fire stations (79 ambulances) and one dispatch center in 2018. Usually, each ambulance has a crew of three emergency providers, including at least one emergency lifesaving technician who is a highly trained prehospital emergency care provider authorized to use an automated external defibrillator, to insert an i.v. line and administer adrenaline, and to provide advanced airway management.[^9^](#ams2534-bib-0009){ref-type="ref"} In Osaka City, there were 184 hospitals (32,645 beds) in 2015.[^10^](#ams2534-bib-0010){ref-type="ref"} Among them, 99 hospitals, including six critical care centers, were designated to accept life‐threatening emergency patients from ambulances. In Osaka City, emergency dispatchers do not make phone calls to hospitals to confirm acceptance; only ambulance crews at the scene select appropriate hospitals, including critical care centers, for the emergency patients.

Data collection and quality control {#ams2534-sec-0009}
-----------------------------------

Data were uniformly collected using specific data collection forms and included the reason for ambulance call, location of the accident, the time of day and day of the week, and tools used.[^6^](#ams2534-bib-0006){ref-type="ref"} The detailed situation and patient information were recorded in text form. These data were completed by EMS personnel and then transferred to the information center in the OMFD. The data sheet is supposed to be returned to the relevant EMS personnel for them to correct if it was incomplete. However, in the present study, we used the preliminary data that had not been fed back to the EMS personnel due to the urgency of this situation.

Outcomes {#ams2534-sec-0010}
--------

The main outcome of this study was the difficulty in obtaining hospital acceptance for transfer of a patient. According to the guideline of the Fire and Disaster Management Agency, we defined the cases for which ambulance crews needed to make five or more phone calls to hospitals before obtaining hospital acceptance as difficult cases.[^6^](#ams2534-bib-0006){ref-type="ref"} The secondary outcome was the case in which the time interval from arrival at the scene to departure from the scene was longer than 60 min.

Data analysis {#ams2534-sec-0011}
-------------

We calculated the numbers of patients transported by ambulance due to acute disease and traffic accidents per week from 1 January 1 to 14 April 2020. For comparison purposes, the numbers of patients transported by ambulance for the same reasons per week from 1 January to 15 April 2019 were also collected. In addition, we used a linear regression analysis to assess the trends in the number of patients transported by ambulances in 2019 and 2020. Next, we calculated the rate of difficulty of hospital acceptance of patients for each month for acute disease and traffic accidents and then calculated the crude odds ratio (OR) for each month for the difficulty of hospital acceptance and 95% confidence interval (CI) with January as the reference. In addition, we calculated the incidence of cases that took more than 60 min from EMS arrival at the scene to departure, and the crude OR and 95% CI with January as the reference were also calculated. All statistical analyses were undertaken using the [spss]{.smallcaps} statistical package version 26.0 J (IBM, Armonk, NY, USA). All tests were two‐tailed, and *P*‐values \<0.05 were considered statistically significant.

Results {#ams2534-sec-0012}
=======

Between 1 January and 14 April 2020, 36,981 patients were transported to hospitals by ambulances for acute diseases and 3,096 patients were transported to hospitals for traffic accidents in Osaka City, Japan. For comparison, between 1 January and 15 April 2019, 41,095 patients and 3,367 patients were transported to hospitals, respectively.

Figure [1](#ams2534-fig-0001){ref-type="fig"} shows the number of patients transported due to acute disease and traffic accidents per week for each year. Compared to 2019, the number of patients transported due to acute disease was lower after the 10th week of 2020. Similarly, the number of those transported due to traffic accidents was lower after the 14th week of 2020. In acute disease cases, the regression coefficient was −67.5 (95% CI, −88.6 to −46.3, *P* for trend \<0.001) in 2019 and −77.5 (95% CI, −96.0 to −58.8, *P* for trend \< 0.001) in 2020. In traffic accident cases, it was 5.8 (95% CI, 1.7 to 9.8, *P* for trend = 0.009) in 2019 and −1.9 (95% CI, −6.5 to −2.7, *P* for trend = 0.389) in 2020.

![Number of patients in Osaka City, Japan, transported to hospital by ambulance due to acute disease and traffic accidents per week in 2019 and 2020.](AMS2-7-e534-g001){#ams2534-fig-0001}

Figure [2](#ams2534-fig-0002){ref-type="fig"} shows the proportion of difficulty in hospital acceptance among patients who were transported to the hospitals by ambulance due to acute disease and traffic accidents. There was no difference in the proportion of difficulty in hospital acceptance due to traffic accidents between 2019 and 2020, but there was an increase in the proportion of difficulty in hospital acceptance due to acute disease after the 13th week in 2020 compared with that in 2019. The OR in April was 2.17 (95% CI, 1.84--2.58) for acute disease, whereas there was no significant difference for traffic accidents compared to January (Table [1](#ams2534-tbl-0001){ref-type="table"}).

![Proportion of difficulty in hospital acceptance in Osaka City, Japan, among patients who were transported by ambulance due to acute disease and traffic accidents in 2019 and 2020.](AMS2-7-e534-g002){#ams2534-fig-0002}

###### 

Proportion of difficulty in hospital acceptance among patients in Osaka City, Japan, transported by ambulance for acute disease or traffic accidents for each month of the study (January--April 2019 and 2020)

  Causes              Month        *n*/*N*      (%)                 OR (95% CI)   *P*‐value   
  ------------------- ------------ ------------ ------------------- ------------- ----------- --
  Acute disease       1            349/12,661   (2.8)               Ref.                      
  2                   285/10,448   (2.7)        0.99 (0.84--1.16)   0.894                     
  3                   297/9,824    (3.0)        1.10 (0.94--1.29)   0.235                     
  4                   235/4,048    (5.8)        2.17 (1.84--2.58)   \<0.001                   
  Traffic accidents   1            32/920       (3.5)               Ref.                      
  2                   35/886       (4.0)        1.14 (0.7--1.86)    0.596                     
  3                   33/962       (3.4)        0.99 (0.6--1.62)    0.955                     
  4                   6/328        (1.8)        0.52 (0.21--1.25)   0.142                     

CI, confidence interval; OR, odds ratio; Ref., reference.

John Wiley & Sons, Ltd

Figure [3](#ams2534-fig-0003){ref-type="fig"} shows the proportion of patients transported for acute disease and traffic accidents whose time period from EMS arrival at the scene to departure from the scene was longer than 60 min. There was no difference between 2019 and 2020 for traffic accidents, but there was an increase in the proportion of difficulty in hospital acceptance among transported patients for acute disease after the 13th week in 2020 compared to that in 2019. The crude OR in April was 2.81 (95% CI, 2.14--3.68) for acute disease, whereas there was no difference in each month for traffic accidents (Table [2](#ams2534-tbl-0002){ref-type="table"}).

![Proportion of patients in Osaka City, Japan, transported to hospital for acute disease and traffic accidents whose time period from emergency medical service arrival at the scene to departure from the scene was \>60 min in 2019 and 2020.](AMS2-7-e534-g003){#ams2534-fig-0003}

###### 

Proportion of patients in Osaka City, Japan, whose time period from emergency medical service arrival at the scene to departure from the scene was \>60 min, grouped by month of study (January--April 2019 and 2020)

  Cause               Month       n/N          (%)                 OR (95% CI)   *P*‐value
  ------------------- ----------- ------------ ------------------- ------------- -----------
  Acute disease       1           114/12,661   (0.9)               Ref.          
  2                   98/10,448   (0.9)        1.04 (0.8--1.37)    0.766         
  3                   105/9,837   (1.1)        1.19 (0.91--1.55)   0.206         
  4                   101/4,058   (2.5)        2.81 (2.14--3.68)   \<0.001       
  Traffic accidents   1           8/920        (0.9)               Ref.          
  2                   3/886       (0.3)        0.39 (0.1--1.47)    0.162         
  3                   9/963       (0.9)        1.08 (0.41--2.8)    0.882         
  4                   0/329       (0.0)        n.a.                              

CI, confidence interval; n.a., not available; OR, odds ratio; Ref., reference.

John Wiley & Sons, Ltd

Discussion {#ams2534-sec-0013}
==========

In this study, there was a decrease in the number of patients transported by ambulance after the ninth week in 2020 compared to the same period in 2019 (Fig. [1](#ams2534-fig-0001){ref-type="fig"}). In the patients transported by ambulance due to acute disease, the proportion of difficulty in hospital acceptance of patients increased from the 12th week and increased significantly from April. In contrast, there was no difference in the proportion of difficulty in hospital acceptance among patients transported by ambulance due to traffic accidents. This is the first study, to our knowledge, to show the impact of the COVID‐19 pandemic on an EMS system and could contribute to the development of various countermeasures taken by the EMS system in the coming weeks of the COVID‐19 pandemic and also for future epidemics of infectious diseases.

The number of patients transported by ambulance after the ninth week of 2020 was lower than the same period in 2019. According to the statistics from the Fire and Disaster Management Agency, the number of patients transported by ambulance in Japan has been increasing for the past 10 years,[^11^](#ams2534-bib-0011){ref-type="ref"} and that in Osaka City has been increasing for the past 5 consecutive years.[^12^](#ams2534-bib-0012){ref-type="ref"} Two factors might have played a role in the results of our analysis. First, ambulance calls in Japan are a public service, and anyone can request an ambulance for free. As a result, it was reported that 48.6% of the patients transported to hospitals were patients with minor illnesses who could be returned home from the emergency department.[^11^](#ams2534-bib-0011){ref-type="ref"} As the COVID‐19 pandemic has grown, there have been campaigns around the world to thank health‐care providers for their service.[^13^](#ams2534-bib-0013){ref-type="ref"} A similar campaign in Japan[^14^](#ams2534-bib-0014){ref-type="ref"} might have resulted in increased public concern for emergency medical care providers, and less urgent patients might have been discouraged from using ambulances. Second, the route of transmission of COVID‐19 is thought to be direct contact or through aerosolized droplets,[^15^](#ams2534-bib-0015){ref-type="ref"} so some patients might have considered the risk of contracting COVID‐19 through contact with a patient with COVID‐19 if they were taken to hospital. It is unclear whether these reactions in the EMS system are seen only in Japan or are similar around the world. Thus, it will be necessary to compare the impact of the COVID‐19 pandemic on the EMS system in other countries.

The proportion of difficulty in hospital acceptance among patients transported by ambulance due to acute disease increased significantly in April. The chief complaints of COVID‐19 are similar to those of a common cold and flu. In April 2020, a simple diagnostic kit for COVID‐19 such as that for influenza was not available. Therefore, when ambulances transported patients with symptoms such as fever and cough, there was a concentration of requests to transport patients to certain hospitals that were well‐equipped facilities with infection control measures, and that might have affected patient transport by ambulance. In addition, we cannot deny the possibility that some hospitals that usually receive emergency patients transported by ambulance could have turned down patients suspected of having COVID‐19 due to inadequate infection control measures against the COVID‐19 virus.

However, there was no increase in the proportion of difficulty in hospital acceptance of urgent cases such as traffic accidents. In Osaka City, the majority of severe patients with COVID‐19 requiring intensive care, such as ventilators and extracorporeal membrane oxygenation, were treated at critical care centers. These critical care centers in Japan mainly treat severe patients such those injured in traffic accidents, those with sepsis, and those suffering out‐of‐hospital cardiac arrest. Although the prevalence of COVID‐19 has hindered hospital acceptance among transported patients by ambulance due to acute disease compared to 2019, most medical institutions still had the capacity to accommodate patients with high urgency such as traffic accidents. It will be necessary to continue to monitor how these conditions change with the evolution of the COVID‐19 pandemic.

Limitations {#ams2534-sec-0014}
-----------

There are several limitations in this study. First, because we emphasized the rapidity and short timeframe of this study, we analyzed preliminary data. Therefore, the present data could differ slightly from the official statistical data that will be published later, in which incorrect data are corrected. Second, because we analyzed ambulance records in this study, the final diagnosis and prognosis in hospital were unknown. Therefore, it is unclear whether patients with highly urgent conditions, such as acute myocardial infarction or stroke, were actually affected by transport difficulties. Because Osaka Prefecture has been operating a population‐based registry for patients transported by ambulance (ORION), which records the final diagnosis and prognosis in hospital,[^16^](#ams2534-bib-0016){ref-type="ref"} in the future, we will use the ORION data to analyze the impact of the COVID‐19 pandemic on the EMS system. Finally, this study was a retrospective, observational study, and there could be some unknown confounding factors due to the study type.

Conclusion {#ams2534-sec-0015}
==========

We assessed the impact of the COVID‐19 pandemic on the EMS system in Osaka City, Japan. Since April 2020, the EMS system in Osaka City has faced difficulty in terms of hospital acceptance of patients transported for acute disease by ambulance.
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